Introduction
Injuries to the cervical spine present a significant clinical dilemma with potentially devastating outcomes. The sub-axial spine accounts for the majority of cervical injuries, making up about 65% of fractures and more than 75% of all dislocations [1] . Despite a large amount of clinical experience, the classification and treatment of fractures and dislocations of the cervical spine remains controversial [2] .
There exist several methods to classify sub-axial cervical spine injuries, but no single system has emerged as clearly superior to the others. In isolation, these systems have been based on assumed mechanism of injury implied from plain radiographs, ignoring the contribution of ligaments to stability and failing to account for underlying neurological injury. Moreover, these systems have been cumbersome and difficult to apply, if not impractical. No single system has gained widespread use, largely because of restrictions in clinical relevance. As a result, most present-day categorizations of injury pattern draw from a number of these published classification schemes and have become largely based on descriptive terminology attempting to illustrate a fracture pattern [3] [4] [5] . Paradigms used to classify injuries vary between institutions and even amongst surgeons within a single institution because of the lack of a "gold standard" system. In addition to complicating patient evaluation and treatment, this creates obvious barriers to communication between health care providers as well as the education of surgical residents and fellows.
Modified Nov 8, 2006 7 Furthermore, subaxial cervical injuries and thoracolumbar fractures have usually been approached separately. Although there are certain anatomical and mechanical differences between these two regions, the distinctions between both have, in general, been for historical reasons rather than for rational deliberation. It would be an improvement, especially in the communication and education if these injuries, if subaxial and thoracolumbar spinal injuries could be described using a basic unified concept of classification. Recently, a new approach to thoracolumbar spine injuries has been proposed by Vaccaro et al and the Spine Trauma Study Group and been received with enthusiasm by the spine surgery community [6] . The application of the same approach to the subaxial cervical spine injuries will lead to a more unified language for communication, research, and education.
The treatment of sub-axial cervical trauma is based upon a number of variables including fracture pattern, suspected mechanism of injury, spinal alignment, neurologic injury, and expected long term stability. A collective but somewhat obscure aggregate of these variables helps the surgeon decide how best to manage the patient and the injury. An ideal classification system should account for these variables providing both descriptive as well as prognostic information. This system should be easy to remember and to apply in clinical practice. It should be based upon a simple algorithm with consistent radiographic and clinical characteristics. Lastly, the system should guide treatment decision making in an objective and systematic manner. Once the classification is developed with these essential characteristics of a clinically useful tool, the system must undergo psychometric scrutiny to ensure that the classification is evaluating something Therefore the purpose of this study was twofold: first, to devise a novel classification system for sub-axial cervical spine injuries; and secondly to psychometrically evaluate the classification in the basic principles of test construction, namely reliability and validity.
Methods

LITERATURE REVIEW
A sub-committee of the Spine Trauma Study Group (STSG) 1 was charged to review present classification techniques for sub-axial cervical trauma. A search of the Med-Line database from 1966 to 2006, indexed for cervical spine and trauma, was conducted.
Results were then sequentially merged with various key words related to cervical trauma, injury classification, and terms for fracture patterns. All cervical trauma classification paradigms were reviewed, and the methodologies and deficiencies of these systems were carefully considered.
DERIVATION OF CLASSIFICATION
Injury characteristics felt to be important in identifying, managing, and predicting outcome in spinal trauma were obtained from a previous survey [6] and used as a framework upon which to build a new classification system. Therefore, this framework was a synthesis of the best cervical classification parameters gleaned during the 9 aforementioned literature review and the clinical experience of this STSG sub-committee.
The new system was then re-examined and modified in the context of existing systems and the survey to ensure face and content validity.
RELIABILITY
A working version of the Sub-axial Injury Classification (SLIC) and Severity Scale was introduced to the entire STSG membership. Members were asked to apply the SLIC scheme to eleven sub-axial trauma cases, carefully chosen to represent a broad spectrum of injury within this region of the spine. In addition, the classification systems of Allen and Ferguson [7] and Harris [8] were reviewed with the members who were then asked to classify the same cases within these systems, as well. Thirty surgeons completed this initial assessment. Six weeks later, the same 11 cases were re-presented to the membership in a different order with instructions to once again categorize them within the SLIC scheme and the systems of Allen and Harris. Twenty of the initial 30 surgeons completed the second assessment. Interobserver and intraobserver reliability were assessed for all three systems.
VALIDITY
The determination of whether the classification assessed the desired qualities of subaxial cervical spine trauma (face validity) was judged by STSG subcommittee composed of experts in the field of cervical spine trauma. Content validity ensuring the system included all the important domains of subaxial cervical spine trauma was evaluated by the same expert committee.
The two essential goals of the SLIC algorithm were to morphologically categorize injuries and to predict treatment. Table 4 .
STATISTICS
Inter-rater and intra-rater reliability of the SLIC was assessed with percent 
Results
THE THREE COMPONENTS OF THE SLIC AND SEVERITY SCALE
Three major injury characteristics previously identified as critical to clinical decision making in thoracolumbar spine trauma were also found to be appropriate indicators for sub-axial injury with only slight modification: 1) injury morphology as determined by the pattern of spinal column disruption on available imaging studies, 2) integrity of the disco-ligamentous complex represented by both anterior and posterior ligamentous structures as well as the intervertebral disk, and 3) neurological status of the patient [6] .
These three injury characteristics were recognized as largely independent predictors of clinical outcome. Within each of the three categories, subgroups were identified and graded from least to most severe (Table 1) .
Injury Morphology
Morphology of sub-axial cervical spine trauma was divided into three main categories and bony anatomy of the facet joints are likely the primary posterior determinants of stability [9] . Ergo, these structures must be considered when evaluating a distractive morphology.
Translation/Rotation
The morphology of translation/rotation injuries is based on radiographic evidence of horizontal displacement of one part of the sub-axial cervical spine with respect to the other ( Figure 4 ). This may be evidenced on either static or dynamic imaging and is defined by displacement that exceeds normal physiologic ranges. A suggested threshold of rotation is a relative angulation of 11 degrees or greater [10] . The traditionally quoted pathologic degree of translational of 3.5mm is often difficult to quantify and generally refers to nonbony traumatic causes of translation. As such any visible translation unrelated to degenerative causes is considered a translation morphology [10] . Translation is typified by unilateral and bilateral facet fracture-dislocations, fracture separation of the lateral mass ("floating" lateral mass), and bilateral pedicle fractures. Measurement techniques for vertebral body translation were recently described in detail by Bono et al.
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Disco-ligamentous Complex (DLC )
The anatomical components of the DLC include the intervertebral disk, anterior and posterior longitudinal ligaments, ligamentum flavum, interspinous and supraspinous ligaments, and facet capsules. This complex provides significant restraint for the spine against deforming forces while allowing movement under normal physiological loads.
The integrity of these soft tissue constraints is thought directly proportional to spinal stability. Additionally, soft tissue healing is less predictable in the adult patient than bone healing. Thus, progressive instability and deformity could ensue, potentially leading to catastrophic long-term impairment, including paralysis. Assessment of DLC integrity is therefore a critical and independent component of surgical decision making.
Competence of the DLC is most commonly appreciated through indirect means. MRI imaging may show hyper-intense signal through ligamentous regions on T2
weighted images indicative of increased water content, likely related to edema [13] .
Although this is likely to be an indication of ligamentous injury, the degree of disruption cannot be further quantified at this time. Hence, such observations are best classified as evidence of indeterminate ligamentous injury until a better understanding of this imaging finding is gained.
Neurological Status
Although neurological injury has not been a component of widely recognized trauma Significant neurologic injury infers a significant force of impact and potential instability to the cervical spine.
Moreover, neurological status may be the single most influential predictor of treatment.
The presence of an incomplete neurologic injury generally warrants a decompressive procedure in the presence of ongoing root or cord compression to provide the patient with the greatest likelihood for functional neurologic recovery. Significant neurologic injury in the setting of congenital or spondylotic stenosis may occur without overt fracture or soft-tissue disruption. Surgical management in this situation is commonly undertaken despite the absence of frank instability.
CLASSIFICATION USING THE SLIC SYSTEM
A given subaxial cervical spine injury is categorized within each of the three injury axes of the SLIC System (morphology, DLC, and neurological status). The terms associated with these categories form a descriptive identification of the injury pattern. This is done according to the following categories: A numeric value is generated from each axis, specific to the descriptive identifier.
Injury patterns that are known to result in worse outcomes or require surgical intervention (spinal instability, neurological injury) are weighted to receive greater point values.
These three numbers, one from each axis, are summed to provide an overall SLIC score.
The resultant score can be used to numerically classify the injury and to guide the treatment of a particular injury. A case illustration is provided in Figure 5 .
The higher the number of points assigned to a particular category, the more severe the injury 2 and the more likely a surgical procedure is indicated. In instances of multiple levels of cervical trauma, descriptive identifiers are used to classify both injuries and separate, not additive, SLIC scores are calculated for each level. The descriptive identifiers and the point scores for each SLIC category are summarized in Table 1 .
Morphology
If no morphometric abnormalities related to the trauma are detected, the morphology score is zero. Simple compression receives 1 point, whereas a burst fracture receives 2 points. Distraction injuries, which infer a greater degree of instability compared to compression injuries, receive 3 points. Rotation/translation injuries receive 4 points, the maximum possible score for morphology. Tables 2 and 3 ).
DLC
The reliability of the total SLIC score was substantial with an inter-rater ICC of 0.71 and an intra-rater ICC of 0.83 (Tables 2 and 3 ). Inter-rater reliability of the SLIC management recommendation was moderate (ICC = 0.58, κ = 0..44 Table 2 ), whereas the intra-rater reliability was substantial (ICC = 0.77, κ = 0.60, Table 3 ).
The reliability of two other classifications systems was also assessed with the same raters comparison, the SLIC algorithm (management) reliability was assessed with a kappa coefficient. Both inter-rater reliability (κ = 0.44, Table 2 ) and intra-rater reliability (κ = 0.60, Table 3 ) were higher than Harris, but slightly lower than Ferguson & Allen.
VALIDITY
Construct validity of the SLIC algorithm was assessed by comparing the numerical SLIC score (non-operative <4, operative >4) to participant's independent assessment of whether the case was surgical or not. Raters agreed with the SLIC score algorithm in 91.8% of cases. If cases in which a definitive recommendation was not made (SLIC score = 4) were excluded, agreement between the raters and the algorithm rose to 93.3% (Table 3) . Criterion validity (concurrent), was assessed by agreement between the SLIC "morphology" classification and the homologous Ferguson & Allen mechanistic description (Table 4 ). There was 71.5% agreement (κ = 0.61) between the systems.
Discussion
Injuries to the spinal column are frequently encountered by trauma surgeons. They occur in an estimated 150,000 people per year in North America, 11,000 of which include spinal cord injuries (1 out of every 25,000 people annually) [5, [16] [17] [18] . Trauma to the sub-axial cervical spine accounts for almost half of spine injuries and a majority of spinal cord injuries. In the last two decades, surgical options for spinal reconstruction have The SLIC severity scale attempts to provide a utilitarian classification framework to the clinician and surgeon involved in the treatment of sub-axial injuries. Instead of building the system on an inferred mechanism, it is based on 3 components of injury which, by consensus, represent major and largely independent determinants of prognosis and
Modified Nov 8, 2006 23 management. In this way, the SLIC severity scale is the first sub-axial trauma classification system to abandon mechanism and anatomy characterized by other systems in favor of injury morphology and clinical status. By building the system on injury patterns less severe to more severe, the SLIC severity scale helps to objectify both structure and optimal management.
Within the three axes of the SLIC system, integrity of the DLC is the most difficult to However, it is the intermediate cases that present the most challenge [13, 20] . This reflects a disparity between technology and clinical relevance. When radiographic investigations demonstrate normal alignment but MR sequences show signal change in the disk space, facet capsules, or interspinous ligament, it is clear that a pathological process exists but the clinical relevance is unknown. The SLIC severity scale attempts to address this issue by allowing for a DLC status of "indeterminate" until clinical implications can be determined. The intent is that this category will be used infrequently,
Modified Nov 8, 2006 24 most commonly in the obtunded patient or someone who cannot otherwise undergo dynamic radiographic studies. In the present study, the "indeterminate" category of DLC integrity was applied in nearly 30% of cases, contributing to the lower than expected reliability of this sub-score. Better definitions of DLC status through further research will be expected to improve the reliability of this system.
The reliability of the SLIC scale has been established as moderate and is likely to improve as the classification evolves and is better understood. To maintain a high degree of inter-and intra-observer consistency, it is important that the clinician adhere to a few simple concepts. First, at a given spinal level it is the most severe fracture pattern that should be described in terms of morphology. If a cervical spine injury demonstrates elements of both burst and translation, then the injury is classified as a translational injury. If both a nerve root and spinal cord injury co-exist, then it is the spinal cord injury that determines the SLIC neurologic score. Certainly, these additional injuries can be referred to using traditional descriptive terminology, but they are omitted from scoring because in almost all cases they bear little importance on treatment or prognosis.
With the determination of face and construct validity we have simply determined that the classification looks reasonable and has sufficient content to perform its function. The judgment was by a limited group of experts in the field and further evaluation by a broader group of spine trauma surgeons is necessary. Similarly although construct validity showed a high degree of agreement a greater burden of evidence will evolve from repeated testing in a broader group of surgeons.
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In summary, we propose a novel sub-axial cervical spine injury classification system and severity scale that incorporates major clinical determinants for treatment and prognosis.
The system demonstrates a very promising degree of validity and moderate reliability which should only improve with familiarity and understanding. Most importantly, raters reported that this system was easy to apply without sacrificing comprehensiveness. We believe that the SLIC scale may provide a significant advance over other classification systems already in use due to its simplicity, standardization, and its ability to direct management. Additional testing and reporting is important to ensure generalizability and help secure its use in day to day clinical practice.
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Translation with facet fracture (c). Rotation is best illustrated with an axial view (d).
Note that an injury may involve both translation and rotation. 
